This paper reflects an attempt to rethink the process of analysis of Energy Efficiency Initiatives using Soft Systems Methodology (SSM) as a problem structuring tool. The aim of the work is to provide public and private initiative promoters with a structured support for a more informed decision, regarding the implementation of energy efficiency measures. The SSM approach contributed with the identification of all market players and their relations, as well as the insight into the deficiencies of current methodologies. Some future work directions are also proposed.
Introduction
Energy Efficiency of end-uses has been naturally increasing in the last decades, at the pace of technology innovation and transfer, although in a much lower scale than its potential. This is a well known 1 problem, often referred by politicians, when considering policy options for reducing environmental damages and the dependence of countries on external energy supply.
In the past, electric utilities involved themselves in Demand-Side Management (DSM) programmes, with which they tried to stimulate consumers to adopt a more convenient consumption pattern, including conservation measures. In fact, DSM could be a business opportunity, and a way of avoiding increasing marginal costs caused by the oil crisis of the seventies and eighties.
In the U.S., these programmes spread until the middle of the nineties, being financed by a general increase in tariffs, allowed by the regulators. In this context, electric utilities had to demonstrate the cost-effectiveness of DSM programmes, according to the definitions imposed by the Public Utilities
Commissions (PUC).
With the reduction of energy (oil) prices and the restructuring of the Electricity Market, new ways of fostering energy efficiency had to be found, as utilities lost part of the motivation and means. The Market Transformation concept was then created, with governments and other entities directly promoting efficiency with the ambition of transforming the market on a more permanent basis.
The way of analysing the proposed initiatives was adapted from the DSM framework, the focus being given to the societal perspective, with the environmental impact, and mainly the greenhouse effect, as the main concerns. However, the result of this adaptation may well be considered unsatisfactory for providing adequate decision support, being the starting point for the work discussed in this paper.
In fact, this way of analysing energy efficiency initiatives raises a few questions:
Can one be sure of the value assigned to issues such as tons of avoided CO 2 , or to health benefits from improved living conditions? Can one determine how much CO 2 is actually avoided by an increase in energy efficiency?
How can one compare two initiatives by their Net Present Value (NPV) of benefits without considering the inevitable tradeoffs their impacts pose, specially when different perspectives are involved such as those of consumers, society, energy companies?
The work currently under way aims at devising a new way of deciding the interest in promoting, financing or supporting one initiative or a set of initiatives.
This paper firstly presents the current status of Energy Efficiency Initiatives analysis. Secondly, it explains the reason for the choice of Soft Systems Methodology as a problem structuring tool, the following section describing its application to the problem. Finally, some conclusions are drawn about the proposed methodology of analysing energy efficiency, namely regarding the application of SSM.
Some directions of future work are also presented.
Current status of Energy Efficiency Initiatives Analysis
In 1983, when Load Management initiatives were being tested by US Electric Utilities, the California Public Utilities Commission (CPUC) and the California Energy Commission (CEC) published the "Standard Practice for Cost-Benefit Analysis of Conservation and Load Management Programs" 1 . This manual introduced a set of standard Cost-Benefit tests to be used by these commissions in the evaluation of the initiatives proposed by the Californian utilities.
These tests were changed in 1987 to conform to the already existent definition of DSM, including improvements to respond to the criticisms raised against the 1983 tests. The new set of tests was defined in the "Standard Practice Manual: Economic Analysis of Demand-Side Management Programs" 2 and soon became of universal use.
The Standard Practice defined tests according to five perspectives: the participant customer in DSM programmes; the average rate-payer; the utility; the DSM programme as a resource; the society as a variant of the latter perspective.
In each of the perspectives, the manual defines cost-benefit and cost-effectiveness equations, depending on the metric chosen for the test (a NPV, a Benefit-Cost ratio or a levelized cost). The StandardPractice Manual states that the tests "are not intended to be used individually or in isolation. [..]. This multi-perspective approach will require utilities and Commissions to consider tradeoffs between the various tests".
However, there is neither a specification on how these tradeoffs should be considered, or nor practical evidences of the actual consideration of explicit tradeoffs. Instead there were discussions on which test to consider 3, 4 .
The adoption of DSM by utilities in other countries, based on the US experience, led also to the adoption of the Standard-Practice tests 5 . However in 1996 "A Guidebook for B/C Evaluation of DSM and Energy Efficiency Services Programs" was published, resulting from a project under the SAVE Programme, funded by the European Commission and with the participation of several European Utilities and Energy Agencies, which aimed to propose a "European B/C Analysis Methodology (EUBC)" 6 .
This methodology tried to define methods more adapted to the differences in market conditions, utility structure and regulation between the different European Countries and North America. The methodology includes also the consideration of new realities like deregulation and Market Transformation, non-existent at the time of publication of the California manual.
The EUBC methodology was more ambitious than the Standard-Practice, by defining several impacts that could be considered in the different perspectives without the need of monetisation, or even quantification. However, the methodology was still based on cost-benefit equations, the use of impacts not measured in currency terms being merely informative. The combined use of the results in the different perspectives is also not documented, allowing the use of a single criterion. In spite of some improvements regarding the California methodology, there is no evidence of its actual use by European utilities or regulatory agencies. Moreover, the generalised use of American software for energy planning is possibly a barrier to its future use.
The advent of the Market Transformation initiatives, which became more a public policy issue than a business issue, faded away the cost-benefit tests on perspectives other than the societal, with a major focus on the avoided carbon emissions, given current concerns on the climate change and the greenhouse effect. An example of this is the document "Proposed Recommendations to CBEE on Program Classification, Cost Effectiveness, Capability of Transforming Markets, and Market Assessment and Evaluation" 7 in which a Public Purpose Test is proposed, heir of the societal test. It includes monetised and non-monetised environmental impacts, the latter for documentation purposes only, to be used as the single way of analysing proposed initiatives funded by the Public Goods Charge which is applied in California to energy bills.
Why SSM?
In view of the questions raised in the introductory section, cost benefit or cost effectiveness analysis seem inadequate for evaluating energy efficiency initiatives. This perception led to the need of a clear formulation of the problem in order to seek a better solution.
The fact is that the concept of cost-effectiveness or cost-benefit analysis is so well established that any attempt to rethink this process falls easily into a similar approach. There is a need to a complete re-statement of the problem so that all actors and issues are clearly identified.
The use of a problem structuring methodology arose then as a valuable tool in this process and, from a first analysis, Soft Systems Methodology was elected, in part because the systems language was familiar to the authors common background on electrical engineering. SSM has been used to gain insight into problematic situations, and in this case there was a need to gain insight into the problematic concept of the interest of energy efficiency initiatives.
With SSM it is possible to look at the whole context where energy efficiency initiatives are taken, defining a system for providing decision support on which initiatives are "good" and to whom, and to devise all possible implications of this decision.
Finding the potential user of such a system is perhaps an issue which turns this approach into a non-traditional SSM study. There was not a problem-owner asking a problem-solver to perform a study (SSM mode 1, according to Checkland and Scholes 8 ) neither the problem-solvers work in any of the entities that play a role in the situation. The driving idea is that the assessment of energy efficiency initiatives can be performed by more than one of these entities, the resulting system being made flexible enough to allow that an analysis methodology or even a computational tool can be developed to assist decision makers (DMs).
The result of this process should be used in the formulation of a more adequate decision model, that should give DMs in different player entities a structured support for a more informed decision, regarding the implementation of energy efficiency measures.
Rethinking the analysis process
The application of SSM followed the classic seven stages displayed in figure 1 as found in Checkland and Scholes 8 and Checkland 9, 10 .
The objective, as already stated, is to gain insight into the process of analysing a proposed initiative and declaring its interest so that it can be implemented. There are several aspects to consider, namely possible initiative promoters, sponsors, victims, beneficiaries and power relations.
Capturing the situation
The first stages of SSM application were developed according to the definitions of Analysis one, two and three, as suggested in Checkland and Scholes 8 .
The major outcomes were the identification of all the agents in the market, promoting or affected by energy efficiency initiatives, their role in the process, and the relations of power.
The resulting rich-picture (figure 2) shows six agents with a potential interest in a system to analyse energy efficiency initiatives. They are:
1. An Energy Agency, whose role is to manage public funds aimed at fostering energy efficiency, through its own initiatives or financing third parties. It needs to assess the real interest of the society on such initiatives. 6 2. The Energy market regulator, if energy efficiency is a key issue in the regulatory framework.
The regulator can be mandated to foster efficiency (not only economic efficiency, but also energy efficiency), through tariff mechanisms, and in such a case it needs an adequate way to evaluate initiatives proposed by regulated companies.
The government. Legislative measures, towards Market Transformation and to make Energy
Efficiency a generalised concern, have to be assessed as a good way of spending tax money, considering all societal impacts and political costs.
4. The Energy Companies. In this study the focus has been on Electric Energy, in the framework of the undergoing liberalisation process. There are four different roles, corresponding to generation, transmission, distribution and retail companies, each with a different perspective regarding energy efficiency initiatives. The assumption used in the paper is that generation companies are now too distant from end-users to have a direct interest on these initiatives. Transmission and distribution companies are regulated and may be subject to tariff mechanisms or even mandates to promote efficiency, which demands a process of analysis to decide which initiatives should be implemented. Retail companies have the commercial relation with energy consumers and, for them, energy efficiency can be seen as a business opportunity, a marketing tool or a threat.
The Energy Service Companies (ESCOs)
. Their business is energy efficiency. They may propose initiatives based on pure business analysis, or they may cooperate with other entities which in some cases may need a "system" to demonstrate the interest.
6. The End-use equipment manufacturers. They can be forced to bring efficiency to the market through standards or mandatory labelling, or they can use energy efficiency as a marketing tool.
In every case, there are reasons pro and against their involvement which are beyond pure economical ones.
Each of these actors need to consider not only a position regarding its own initiatives but also regarding initiatives of others that may have an impact on its "life", specially if there is a relation of power with the proposer. For example, the government may react to a initiative proposed by the Agency if the impact on tax collection is estimated to be too high.
The rich-picture shows other actors affected by or influencing decisions, namely the affected energy consumers, environmental pressure groups and the society as a whole, but none of these entities can be seen as a user of a system of analysis, except indirectly through one of the other entities.
Regarding electric companies, there is no significant difference between transmission and distribution companies regarding the way efficiency measures can be analysed. The difference exists on the kind of initiatives that can be taken.
Some of the relations between actors can be understood from the following assumptions:
• The Energy Agency and the Regulator are public bodies, entitled by the government with some power over the energy market.
• The Regulator has the power of defining energy tariffs that the regulated companies are allowed to practice. The regulatory framework may also include energy efficiency obligations.
• Energy companies may implement energy efficiency initiatives by direct interest, for marketing purposes, taking benefit of cost-recovery schemes under the regulatory framework or benefiting from financing through the Agency. Sometimes they can also be forced by the regulatory framework to achieve some target in terms of energy efficiency.
• Equipment manufacturers/dealers can be forced to cope with efficiency standards or labelling schemes by the government, or they can be solicited to participate in specific initiatives. They can also apply for financing in order to accelerate the introduction of new technologies in the market.
• Consumers, Environmentalists and the Society as a whole have enough power to influence the decisions of all the actors, so their concerns have to be taken into account by the DM's preferences 8 at the moment of deciding the implementation of a given initiative.
Root definitions
In spite of the different perspectives under study, the relevant system that the present work searches for is a:
System which aims at evaluating the interest of promoting each initiative to foster the efficiency of energy end-uses considering the direct advantages and disadvantages to the promoter, as to other involved entities.
This definition can be applied to all the six perspectives referred to above. The preferences of the entity which analyses a given initiative (the DM) and the power relations with other entities have to be considered dynamically.
The CATWOE mnemonic led to the following definitions:
Customer -The initiative promoter, the external sponsor if any, the beneficiaries (the consumers, the society, ...) and victims (energy companies?, equipment manufacturers?) Actors -The DM, i.e., the promoter of the initiative, or someone who has the responsibility of evaluating it, due to some contract. One of the six agents referred to above. 
Transformation -

Modelling the system
The resulting conceptual model of the system is shown in figure 3 together with a sub-system found to be necessary during the modelling phase.
The first activity deals with the gathering all the data from the initiative definition: objectives, target, implementing agent, estimated costs, estimated achievements. Activity 2 is needed to assess which entities other than the DM are affected by the initiative in order to obtain possible reactions.
The assessment of these reactions, made in activity 4, needs an estimate of the initiative success, based on the potential "participation" level of consumers obtained in task 3, which is also necessary for the correct computation of all the effects of the initiative in task 6.
In certain cases, the available budget for implementing or sponsoring the initiative may be an issue, its evaluation in task 5 providing important information to task 7.
The "comparison" of all the advantages and disadvantages to the DM made in task 7 is the objective of this system and it emphasises the need of a multi-criteria decision aid tool.
The criteria for the three E, according to the root definition, can be defined as:
Efficacy -the system identifies correctly a valid energy efficiency initiative.
Efficiency -the system works with the minimum resources.
Effectiveness -an initiative well classified by the system is implemented.
For the assessment of all the initiative's advantages and disadvantages to the DM in task 6, it is necessary, firstly, to define what these advantages and disadvantages are. These have been considered to be the root definition for a new subsystem (denoted 6.x in figure 3 ).
A system used by the DM to define all advantages and disadvantages resulting from one given energy efficiency initiative (or set of initiatives), considering his/her objectives, sensibility and relations with external entities.
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The CATWOE mnemonic pertaining to this subsystem led to the following definitions:
Customer -The DM, the initiative promoter if not the same entity, external entities with relations with the DM.
Actor -The DM.
Transformation -Initiative data −→ Initiative advantages and disadvantages.
Weltanschauung -The true interest from one initiative is only determined if all possible advantages and disadvantages are assessed.
Owner -The DM.
Environment -Sensibility of the DM; Measurement capability; Objectives of the DM.
The activities that constitute this subsystem include the assessment of the DM's sensibility regarding which kind of initiative impacts are important (ex: environmental, employment, health, economic, . . . ), and his/her objectives (ex: to keep energy prices low to end-users), the translation of this information into criteria, the assessment of their measurability, in any way that can be used in activities 6 and 7 of the main system, and a final decision on the criteria to use.
Comparison
The comparison was made in a informal way, by following the model and considering the equivalent actions performed under the traditional approach to initiative analysis.
Energy efficiency initiatives are currently analysed using cost-benefit or cost-effectiveness equations. The following issues are highlighted by comparing the way the various market players analyse initiatives with the conceptual model:
• Tasks 1 and 3 of the main system are common to current practice. To be able to calculate the operands of the CBA/CEA equations it is necessary to estimate carefully all tangible costs and 11 benefits, which needs an accurate forecast of the initiative success (adherence from end-users), including estimates of net-to-gross effects ("free-riders" and "free-drivers").
• Activity 2 is somehow considered in the European Benefit-Cost methodology, where the evaluation matrix composition is preceded by a step where the relevant perspectives are identified.
The California Standard Practice establishes five relevant perspectives but in practice not all are considered in each analysis. Recently, only the societal perspective has been used, which means that activities 2 and 4 are skipped.
• In any case, the perspectives of other affected parties are only considered through a proxy, i.e., calculating what one thinks the cost-benefit or cost-effectiveness is in that perspective, and not taking into account the actual reaction of that entity.
• The budget evaluation step is not executed in a explicit manner. In fact, it is (should be) implicit in the choice of the discount rate used to evaluate present values (PV). The more the money available, the lower the discount rate. However, this seems to be done based on typical values only.
It seems important that for some initiatives, under some of the perspectives, the share of the available budget taken by one initiative is one relevant criteria to be considered in the analysis.
• Regarding activity 6, the current use of cost-benefit or cost-effectiveness equations implies that only advantages and disadvantages expressed in quantity terms (on the same unit, usually a currency unit) can be included. All other possible criteria can have an informative role only, which is not of much help to a DM. Another way of dealing with the multiple criteria in activity 7 could improve this issue, but it implies a working definition of sub-system 6.x.
• Regarding this sub-system, the EUBC presents a useful approach. Its first steps are the characterisation of the market situation and choice of relevant perspectives, followed by the selection of impacts from a glossary. In the glossary, all possible impacts are defined in terms of the relevant perspectives, metric and way of calculation.
• In the framework of the proposed model, the last activity is the application of a multi-criteria method which opens the possibility of dynamically incorporating the preferences of the DM into the decision support process . In current practices, these preferences can be considered during the definition of the cost-benefit or cost-effectiveness formulae as well as during the definition of the conversion formulae for impacts not naturally expressed in currency terms. What happens usually is the adoption of existent formulae, the actual preferences of the DMs being not really included. The use of a multi-criteria method such as the ELECTRE TRI method [12] [13] [14] [15] , which allows for the use of qualitative (ordinal) scales and the definition of weights in a scale independent manner, seems to be a more adequate methodological solution. Moreover, this is generally a classification problem, in which there is the need to classify one or several initiatives into predefined categories of interest, being the ELECTRE TRI method specially adequate for tackling this specific multi-criteria problem.
The monitoring and control of the efficacy of a Cost-Benefit analysis implies that the equation result be submitted to a sensitivity analysis. A problem exists, however, due to the fact that NPV calculation involves a great variety of data of different quality. In fact, this limits the number of parameters whose influence can be assessed by making them to vary, one at a time, obstructing a comfortable robustness analysis from being carried out.
Generally there is no control of efficiency in current practices. However, avoiding the burden of quantifying and converting impacts not naturally expressed in monetary terms to currency units, is per se a way of assuring higher efficiency.
The effectiveness of the system to assure the accomplishment of its ultimate goal, the improvement of energy efficiency, can be achieved through a transparent and well documented analysis process. A well documented analysis impels a decision. The monitoring and control can be applied to assure this transparency. This is something which is never completely satisfied with a cost-benefit analysis, where unit conversions and compensation effects will always hide the details of analysis to the decision 13 maker.
Debate
For the objectives of this study, the comparison stage could be the ending stage. However, the study would not be complete without the opinion of real entities and a discussion about the possibility of changing actual processes of analysis.
However, the characteristics of this intervention limit the stage of debate as there is no immediate customer.
To overcome this limitation, two workshops were promoted where the ideas resulting from the previous stages were discussed with representatives from some of the actual entities playing the roles specified in the rich-picture in the Portuguese market.
The results of these actions were encouraging, as it was accepted that current practices fail to address non-monetary and non-quantifiable impacts, and that these have currently a high degree of importance, mainly due to environmental concerns, among other issues. However, it was difficult to have someone assuming the system's actor role.
The limited experience of the Portuguese energy market players with energy efficiency initiatives also prevented the achievement of a deeper debate. The few energy efficiency initiatives developed in the past were not submitted to real analysis, but were mainly policy measures. The distribution companies and the regulator are presently engaged in the first attempts to implement and evaluate DSM measures. This discussion will desirably go on and other contributions, even from experts and entities outside the Portuguese market, are expected.
Conclusions
Rethinking the analysis of Energy Efficiency Initiatives needed a first step of problem structuring to clarify all the assumptions and to feed future developments with comprehensive and coherent information. The Soft Systems Methodology provided an effective tool for achieving this purpose. It raised several issues which were relevant for searching a proposal of a methodology of analysis.
The authors are aware that this is not a "typical" application of SSM. There was not a client for the study, the problem-solvers are not problem-owners and the problem is not property of a single entity but can be owned by several entities. However, systems thinking helped considerably in the enquiry of the situation and to express clearly what in the beginning were only feelings of the inadequacy of current methodologies to tackle the problem.
Further developments are underway regarding the definition of relevant criteria to be used in activity 6.3, and consequently in activities 6 and 7 of the model in figure 3 .
There is a need to further discuss with actual market players their views regarding relevant consequences of energy initiatives and how they should be weighted. The participants in the above mentioned workshops made themselves available for further discussions, and to provide answers to surveys that could lead to this definition. This definition needs a first step of characterising the Energy Efficiency initiatives, and could be the subject of a new systems study.
The inner details of activity 7 have also to be defined, although it is clear that there is a need for a multi-criteria method with certain characteristics as already stated. This restricts the choice of the method itself to one which handles qualitative (ordinal) measures, being ELECTRE TRI one of such methods. Another issue that makes this method appropriate is that it can be used to classify a initiative into predefined categories, which allows the analysis of a single case. Other multi-criteria methods usually apply for ranking or selection among several alternatives.
Any chosen multi-criteria method will need a process for the definition of preferences and technical parameters, to express in a transparent manner the reasons why a DM will consider a certain initiative as valid or non-valid. In the case of ELECTRE TRI it will be necessary to define weights for the diferent criterian, and to define thresholds of indiference, strict preference and veto for each criteria. It will be also necessary to define reference initiatives to be used as boundaries of the categories into which the alternatives will be classified.
The final aim of this work is to propose a compreensive operational methodology which can be used by any of the six identified possible clients. To accomplish this, the methodology must be flexible to adapt to the different concerns of private and public entities and its results have to be clear and meaningful to DMs. 
